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PROBLEM TO BE SOLVED: To provide a device and a 
method for inspecting a substrate in order to 

automatically perform defect search and type . 



(22)Date of filing: 



13.07.1995 



(72)lnventor : EMERY DAVID G 



SAIDIN ZAIN K 
WIHL MARK J 
FU TAO-YI 
ZYWNO MAREK 
KVAMME DAMON F 
FEIN MICHAEL E 



classification at low cost with a little error, especially, to 
provide a substrate inspecting device and an automatic 
inspecting method for performing automatic inspection 
for searching and discovering defective particles and 
defective graphics different from the intension of a 
designer on the substrate of mask rectile, etc., and the 
automatic classification of types of these defects. 
SOLUTION: This device is composed of an illumination 




http://wwwl .ipdl.jpo.go.jp/PAl/result/detail/main/wAAAal0839DA408076359Pl .htm 12/18/2001 



* Searching PAJ 




Page 2 of 2 



system for generating a light beam, passing that light beam through a fixed optical path and 
making it almost practically perpendicularly incident to the upper surface of an inspection 
substrate, transmitted light detector 34 for collecting and detecting the transmitted beams by 
adjusting them so as to be coaxial to that optical path, reflected light detector 36 for similarly 
collecting and detecting reflected light, comparator for providing a compare value by mutually 
comparing respective electric signals, and processor for separately providing the expected 
value of that compare value and discriminating the coincidence between the compare value 
and that expected value. 
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£A*ttftfilc:t€<tt^pT«*^*»e.bT. ^4tS 

[0 0 2 9] ^%m\t. ±i2E©«lS^li©<a»-. 
3£SfiMmc*fe©S2?^SI*Wr5©-C, UiTlC^2 

J:^|-bT-y-7'S^n>effi©/h^?5:«t^. ■ft^Mf^SS 

*i,ilt*Vifc©3Sji«ftt©'J^^^j:ffi''^^'* 
RBi:bT5!l,-r-5**^Plffif'''i^. (»ffi±©l^-^»- 
»bTI^-^i^*MW-ri:t*<!:--^©^**^«S&!i 

$5. ) 

*%99lCT«rb<»A-r«.»«tfeS©««tt, SiPtft 

S5 bTT X a«i±©ii»**^ b © 0 ns 

^, A^Ai5x-^'^-X©?WEtt^|ilS©I^St-*^^^ 

{k^mf^s^giaife. ^vitts«©S)S#tt©'J^^'i 

[0 0 3 0] I c-7Xi^©/'^^->li^©* 

gfi©KB*£l.Tir^^t"<t5f-«9!:L'fc. 77--f>';<>^ 
Bp-&fefi-&t)ii-©-y-::^xXxi^*^^ST*s. ^n\zh 
Hb6T*itt^*SffCtt. i}-:/S^?n>a«©'I^S 

tl^d<#ftbTfcPWi< ^(tRSi: bTf£Mb|i^-rS» 
-efc5^|i(S©lfS85Wffilcb. 5!abfe^RS©ettS8iJ^^ 
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[0 0 3 1] 7^%m(Dmmmmm^t^(D\t 

M©}^®3ei/CSi5 ^ t eft 0 fgB^OTHrfftt 

. [0 0 3 2] 

[0 0 3 3] :*:%M<0«1S«^SSSMtXC**tt, 

bT%^-r'5teffl->7h®»*^KS(t/iS. d^A^S&ffi 
->7h®Stt. l!S^S£S«tSie®&^-C'^ffl"^*- 

'>7hm«, AW)t!i»iSi*-ri>s®®ffi«wfi:s« 
fiiffij/y hfl^«)ttiH$^:-^1-s®t''ffi7 Wta* 
[0 0 3 4] ±{rJE'<fcX|i(B«i*Ja':3i5^^®i^^f:*n^ 
T®^P(S}fi8Mi/lc^«®fP«l-*^'C(i. 2o®iB«!® 

it-S. iP^2 0®ffiSE:Ufc3'-<f5b*SVifcJtl4-r 

5. ^bT, ^#wcffl^^):SMA*$>n«*n{Bri^5t>® 

fc, 5cP(Bi:UT^»lbT>>JRB®»l,=&St*t-SJRS:->X 

^'<-7.->X7^A®^'-1'®^1'7'> heH-ffl®B^5:3 
i¥lHB«*H!^tt^4. 9 2 6. 4 8 9^(Danielson ffi 



"Reticle Inspection System " ru^^i^Jl/^^ggj 
1 9 9 0^5^1 5 B)tCTI¥iBll*iiie8bT*5. 01 

^^®7,x— 1 2, ^bT3t¥?^-tJ-:7vX-rA 1 6 , 
. 7:$':/^' 1 8. m^S:-tJ-:/>'XxA2 
0> x^7.yW2 2. glil3>ti-^2 4<>:+-3J^ 
- K 2 6 S:iE<ST5o 
[0 0 3 5] [Xx-v] Xx-v'l 2tcHbetTC» 

JiW^^LlJ-:^-^^^^ 2 0 ®3£ETC*S»«K»^« 

ffirt&3t^?^i^-:/->XT-A 1 6®3ttt&t'Dcteffa«i 
T5»*<ai*«-. feoT««*iso±T®^*^a*^**^ 

[0 0 3 6] m^^^y'y 7.7-1.] m 2 ic)t¥3^-tJ-:7 

vXxA 1 6®y'f-\'i'7AS:5^t". S^MICtt^n 

aM«3 1- ^ 3 2 *W«t''h^lSS«>BP'^ 
20 (ii5]$-a:-5^ir$.2.. i 6 icft^T 

^«^n-55ttt**'i>IC-?-0>T-<i*^^B'J®fli^i: 

iE-r^T)^ K-Aolf?l:&|ni®So:*tbTtt, tf-A 
*i)t*?^ ->Xx A €:aiSbft:^»S*^ e.M.T Y«l t¥fT 

©^TWjtTS, C®^Cf-A3 2tt, mrX.'^-D^ 
?&3 llC}B^TS««iBS#?l1-5. C®KfE13, 04 
30 icS-r*^. *«±®-tJ-^:'^'J7»3 3. 3 5, 3 7 (V 

S (vx^) 1 4®«ii^«^*^-ift^--^^i*^*'^* 

IK, — acKSi" s^*'^'"' (x^x) »sr^-n-6n 

i5tiTnli<ll®«^Hl«. aji3t<fetllS3 4ic&oTff& 
p. g«tt^(,H*-fiBS8ttta«®«^»w«^TS«A^^ 
®S«3tS, S«)t«lfflS3 6*fflV»T<ftW-rs. '4kX 

^i7fli (a^'W ®'f^>V-tfxi7/n>'-tt8J®U 

— tftSJ^a, tT;l'5490A5L-OOC-n5 TfcS. 
[0 0 3 7] 3tf-A3 2«, 1/— !f 3 0 tCJ;oT5€^ 

fS. ^?;]lC^¥:f-A3 2«^W7-^;^^'3 8^:aj®■r 
* . ^n*^ e. . ®^#7t^«? ®ffl^*p-&S4*ic& 
oT. 3tt-A 3 2 tt(ii6j^n^>. rcc--p®«SJt 

0<i:X+-v:f-4 2®**}t-r. cn^:i:3®^'f Y 
50 *i6iii^tt*-A*ii*. x:^ie]*^Tii^*^«-&sfi^i- 
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f^ffl-rs. ;Lmm\t^mmmmz, ssi. 951^ 

(Jason H. Eveleth. "High Resolution LaserBeam Reco 
rder with Self focusing Acousto-oplic Scanner " 

mwLr$>i>. Rttu>X5oef-A<£x:^i^cMu 10 

\tmz 4 »<o 1 5 4 S: iiiS bT*^ u i^- u 

S^Afc^tea. a::^«^Mt*-A7.yU ';/iS' 6 0 tA« 
LT5tK6 2 1 6 4 tC^n^'ni^HSrS. ^#03t!Stt 

[0 0 3 8] -:/^vXxAtt^©ra. ;#C©affiO{irfi'& 

6 6 ^»AUT, ^^m(om 0 CifgWiejTi^lsl 

m^^Vv V 7 2 tr®#ttfcMai^6 8 t 7 0 C5 1 ■D\ZX 
aSl 4±-e*S«)IK©bf-AX#-y h-D-f XSriS^t 

X"7X-**'^;i'ht>|B|«l'^t)S. ^-nSf, ^* 
iiKt)|?toS. (||^^tt2S®*LA^SS^UT^CV^*» 

tr-AXJp-y hii-'fXlli3ilcP9UT»;^«ffl^«ft«® 

ij-'fX(Dx:^*-y hc-rsWRrffi-e*^. ) as^*^?. 

afcJtf-Ae, ^^7 4TS«$tlTt-AX:/'J <;/^' 

nfclf- A 7 8 ©S 0 ^^f^ >X 8 2 <&iiji-r 5. 
aSl 4&jljaTSf-A«, «^U>X8 4<i:««U 

>X8 6icftoTma64<iic-ri.. ^uTSj^t^ai^ 

[0 0 3 9] h7;t-;*jx (gS)«^) U-:/->x 
A^CDT^^tJl'^W 'yi'^^^(anai"<"'P''lc elements) <£S 



}gl/->XTl4*-«iRII*«^U5i<'^^il<J:t?*'5. 
SrM^U, ;>c»cc:©-:/?ie]ic?*LTSitJi:^iniJc*3W-5 

^fe^^fiii-rs. mLifimt\z^-:>xn%^<Dfsiim 

jgtttcjso, •^A5T-:^ifi]icjtbTgitJi:^i6]JcSiifi 

Sfil 4A^e.©RM3t®S^»rB«:e«t"5- 
^^cJ:0«lta$n5. 3tiK®«Bfiio}^««v'J 3>cg 
^^SaS7*h^^5r-H9 0. 9 2CJ:t)!^«^tl*. 

J|^ffl:^iU7*)l'— TWO Si Detector Corp.tt*^$i*. 
[0 0 4 0] mzmm\ZWi^ti>ii^\Z. *IS<D:t-h 
37^-;;^;;^ . ->X7-Ali*^lRII(D:^l«3*^«SI-**^ 
21B®)tK*^e>?S:^'CV^*. -*©jmT-ttRt§i«l'> 
XttX«l*lRl*^e.arc«^Cffi*^*b-C"'>^i''^. 
c!)3tK-c«Rfa<^ u >X»i YM:&iei*^ 

A-xy'J>y^'94C*0, RWJt^U13tKC»-DTjl 

tim^U9 sts^^ir^m^nx. Mlttr-A • xr/'u v 

^^A\Z^D^f^^nX, giJ©lf-A-xyj<7^'9 6 
lC|R]*»oTjitJ. f-A ' xyUy5'9 6lCiO:t-h 
7*-*Xffl^JB9 3tt2:3lC^^S'J^nT. ^n^mi 
3tK 9 8 Rr/ 1 0 0 iCiBo Tiltr. @ 2 T«XffiS«ffl 
ffi(CSit&©T, RiSH*U->Xl 0 2Hi«abTt>* 

±<m\^n=i-xm<nm>\z$>^m^vyx i o 4 

i)-®is«-&^''f^-H9 oi-ai;s3tKi'«. 
XI 0 6 fcwenx^js. ±<i^-©ftai8g-e*sM 
Eg^j^titt^yi' 9 0 , 9 2 tt-E-n-etxj'j* 

H 9 0 . 9 2 J: r)^«;^tl«>-5-n-etl©3t^®«| 
BiffiAJH 5 6 C-en^^n^RI^*^ 10 8. 110 

Ry^#Bs^^^ i o s . 1 1 2 1 L/T^-r<k o \z\W5^ 

y^v^-i^- Y\tmzv\^o%m 1 0 8 tci 0 Bsst^ 
(S5©#K^^•§■l 10). ffi*o7:t k 

gA^ii:^c-r-& (0 6©#M«F^i 12). :Lomt\z^ 

Al ^£it^ttffl7:i-h^'-1'*-H9 OOXWtca-^fcCa 
i^RA^e.»e.n^)«^. A2 S:Mfeffl7* h^^-T^- 
^g 2©XttlCj(i^fcBg^i-R*^e#6n5m-^. Bl S 
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lEmnF c\rM<o (i) siTS^ns. * 

(A|- Bj ) - (Ag - Bg) 
(A, + Bil + ( Aa+Bg) 



[0 0 4 1] 



Fc 



11) 



[0 042] [Sji3t«^«*- H] K 

nr. -7X^7 1 4<D«f^tCftfiLTV>5Sjg3t«^UlS3 
4lCJ:0«^Hl*tl. SJi^SnS. 
[0 043] [Slt^t«^4*- H] RWJt^SE^E- H 

3 5|-J;0SW3t«^taS3 6±tC^$n5, ittJE-^ 
[0 0 4 4] [fe«->7 htJ!pf(D)S$S!lJ£^-K] ttffl 

oD-rn (i!j^Tfitffi->7hti*?5i;t-^.) ©S!i^«s«*^s 

-5. h SrjfflSUTl/^SWvr >v^' 6 6 ttKI/^T 

*r). t-A- xyu-y^'e OtcJ;OSSt$nfcU— tf 
MSigl 14*«iB)tbTt^SUV/-- U>X1 
1 ORU:i 1 2, MJXl-HPSc«>fiV^**'fe^>^l 1 6 
^SiSUT, ffi^bfc^l 1 8lcA«-rs. ^1 1 SIC 

A-xyUry^'eO. If-A • xyU->^'9 4, 
>X 3 5 irSiibTSW^tl^tHS 3 6 ICXWT 

UTM^T. tr-A •x:/U>;/^'6 0»riDSW^nfc 

[0 0 4 5] [mtj.mm<Dmm\'^^mm^^^ m 



10 JCiSfin (chrome dot)^fit^t?S.S«^lwl±. 

ens, i/nAicisf^niiswrsro-^. 

fc J; 5 ^^R8 1 i? ci A »c ± 5 XRB t *iSSB'J-r * t *^ai* 

[0046] [ftiJllffl3>tfi-5'] *!lPffl3>t::x- 
rS' 2 4 li#lf^MSf^*(operator console)Rt^£l^$!lffll 
gCmaster controller) iUTtaig-r*t>®T\ :<JU7 
^;i'-7^H®-y-> • V'f i'D->XxAXtt(Sun Microsy 
30 slenis)SOX/1-i' • 3>t::x-^'(SPARC computer)® 

xA • -f >^'-7x-Xtt, $!lffllffl:3>t!3.-^'S:fii; 

^<!m-t^^^\z. i^T®teo-tJ-7''>XxA'vn-7> 

[004 7] [«?i!:-y-7"vXxA] «^SiJ-:/>'X7- 

jSiLxmnrz. m^, «^s:■t^:'vXTA2 o«, m. 
40 Tmmm 3 4 Rt;s«3t«^ffisg 3 6 e. ®w a:'j 

>tf3.-^2 4lcfejiU, X-r— 2®*ilCffll'^^ 

ti^^^Mioim^mmh, xx-i^ffl®'J-7 • 

ft!lt8?ffln>kra-ii'2 4SD:«^^1^7'>'X7-A 
2 0®»tgimT*J*H!HfW«4. 2 4 7, 2 0 3^, 
*H'HffF^4, 5 7 9. 4 5 5^. MeH!^tf^4, 6 3 
3. 5 0 4^, JRBi|$ffF®4, 8 0 5, 1 2 3^. Jl^S 
50 !^flF^4. 9 2 6, 4 8 9^, *a#fF^4, 6 4 4. 
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[0 04 8] [Xt^— >*] XT-i^ 1 8 «$a«lSltS 
fcg-7 • t-iJ'I'iOKiJ^n-i). 2« 
-xaXTelelrac Corporal ion)ttSro=E:r;l'T I PS 

[0 0 4 91 Y«i*|6]i^ft#12 0tt7U-A12 2& 
:tbTl>T. Xfil:*l^^l!l#l 2 4S:^^TV^5. 

*<»ft6nTViS. Y«l*N^a#l 2 0=£«llSUTti 
S7 U-A 1 2 2 taXtt*lRl«f«l^ 1 2 4 0»€-5:^ 

uri>mn^i 2 est^ 1 2 7Aig*t6.tiTVi5. 

rtiS«2*Ofi!l:^l 2 2 V'-;H 2 8 lCj;Oa^^tlT 

(12 8 ii^i;%©t?s.s|fi:^©v-JH±0^^ 

nTV^^j:^^. ) XttU:^7-^:-^'OX-x-^12 9tt 

ttA':'>'>!>'i 3 1 tcgtwte.nTti5xttX7-f ^'i 

3 0 &?l€MttTV»T, 5ilOXtt^Sttt§ttroi^ 1 3 
2, 1 3 3, 1 3 4> 1 3 50rt©4iiC4ffiS^Wt 
1^5. giJ<@®K51 3 6 t^SStt-^EX h 'J >y7^1 3 7 

[00 5 0] X«l*|6]^f)# 1 2 4 tt<^S£W* 1 4 

$^f4SW 1 3 2. 1 3 5 liXlft:^[6]©»l^(0fifignR 
0:Z«l*lS]©Sii7iafeii^l»iJ:b, ^^«i§ltl3 3R 

0=1 3 4ttx«i*r^©Si^«^<isnRi;Ytt:^i^«*¥ 

ftMiiSR/^-rs. A':7i?>i^l 3 9 tiRW^StlTt^S 
$^Sltl3 8«, Xll!i^»i^<O^Sn*l»Jht, X«l 

*«Jt7-t>:?'J 1 4 0tt. xttiS^ft^roes/Jffi^'^ 
u-Ai 4 1 tc®#tte.nTi/>5. xx-v'i 2«Sf^ 



tl&B6±UTt^-5CtT?$>'5. intt»fiB*^H^l4^©X 
ttX^'f yfflJSt'L"! 3 0<Dmm.t7.f—^ 1 3 KD^ItSr 
MttCiO, fiSSO?l:'3AM(i0^^ttS*^l 3 2, 1 

3 3. 1 3 4. i3 5om'r:\z$,i^m-vi/^mt^^t 

CiOSfiXSna. SiJo^fStt'J::i7-^-^<0X7^- 
^12 9 i&^X$iSl*3B 1 2 6©ifglC?*UTS-5^lSE«r 

/O [0 0 5 1] «tlE««l««F7-fc>:/'J 1 4 0©7 

A ij 7 *;i'-7W (Ca I i f orn i a) ©'S^ X-fe;Ptt 
(Hexcell) 9^(07)1—' ->-;KBIue Seal) (D<t5^CA 

*tHl*5. S8e0 7©iia8-8lC«)ofcBiiS0t?* 

M4 2*<^14 3tcS^*nTV»S. li£Sr4 4tJ: 
«1 4 5*«^1 4 3 tr^i^SnTliT. -f >D— h 1 

4 2 ^m^mtsmmmfim^^^'^''''^' ^<^^^=-'^^ 
uocel I) (D^otm.mui^'^nmz^t^xxhmt:>ti 

isftM- 1 4 6 ti. 09 \zm-ii ^ \z. tg^a®-* 

TkJSWi 1 4 4 t©WCje)«lStlfci»^ 1 4 7 JCJ; »)±ffi 

[0 0 5 2] [HiSWJgffiOSlfP] 

50 VXf *jg«!5:I^^I-Bafil''^ r<^««l«(care area) 

03lCtt. tH£J*I^T-*S-7Xi/7.J±W5^i'''H 4CJg 
fi!t$nTl.i-5«ISI@®3''f 3 3, 3 5. 3 7 
fc*0?KfTK3 l«)M*bt>lBl^*^3^S*lt:<fi5, ^4 

'P\z. x7^->?i 2A«teffte3 nc?eoT*6ffSHi)U 

XI/— tf3t*aSr-7X^®Yttt-WtC<Slfiirs. XT— 

-:?i 2*<xtfi:)?iflHc«f«iT«>®T. u-if^m<0Ym:fi 

3 9)itif?|®flBlF<5:UT4i;5. jl^VXi? 1 4®«)B 

40 x^— :^®Kt!ittif'WTtt&Vi®-e. X7^-i?*xtili 

*InlRyYtt:^|6Hri^KfCKiib:'3:Wn«!fte&Vi. ^ 
®fc*icaifeTXx-v'©Wli!i:^|fii®^«'it*'^«^^^ 

— ijoy-l' OX]Sg-h®l§iS'Jai*5 2 ^!£a*?i^. 
g«2 2®Bft«!SS«t;S*ie., wsj?^®-**^^ffi 

T^th (0*-ii-r) •pMffiffittctBofcXx—:^®^®' 

0 vx ffl xttS.o:Yttir*frs Xx- >^®n5fKfttt® 

50 ai^^mm^nz^ c®Kf. i,it)(4)sy7-s®:^'jx 
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A6 6 (02) ^HfebTL'— 

\Z. ^|^M«^'1'«^4«®4 4Srffi^-rs (0 3) . 
[00 5 3] [fi[«->7 hfiiBJ5t®fc«)OKjE] 

I = Asin (I2xy/W) 

[0 0 5 5] ±®^»-*<'^T. A, w, D, la ©tftt 

A = I Imax-lo )/2 

[0 0 5 7] i« Ra:Att</i-rnt)S?B)^^«i<4ffi-> 

[0 0 5 8] m^fO-t7.'\ U^'i^jUOSfllfeStta 

9X3 9©tii»i6*4l^- e:ofi»i-«^ofcsfe^*Wi*5 
ti, ^tiigg(Ox-:^^;na:^a> «^^!^D-^->xxA 2 0 

2 W^^'f 3 5 ©^S««Ofc®J^^f-fJSf St. y-l" 

3 3*^e»en«^sc-t>-:^->x-rA2 oic-&*n4;<^: 

^ty-f 3 5A^6)»5.n5x-^iitliJ^*l5. 
[0 0 5 9] i^R5©eib^40^T^tt. ^ 



^ A, 7i£^3^^<OS^t' J;5^S®>^S0 2 0 4*10 

[0 0 5 4] 
* {gC2] 

-D ] + lo -(Z) 

[0 0 5 6] 
[SC3] 



•••(3) 

L. «S)^6 5S:fflt'^TX«l*lpJlCj6*bT. •ri'^';!' 
[0 0 6 0] [fiffl->7hW©»S®ffll!£] 01 OC 

jifflfs - tTitHj*?.. s« 1 6 0 Mm^zymm 1 

50 Vil-C*-5. hSPl 6 1, 1 6 2ttSM;S^^P^ 

-ej^fijsnTt^T. i7 D Aro^swffl 16 4 ©-ssRiy^ 

1 6 4 lclife$nTV^5SW&li«©i^-:3*^ 
18 1. 18 3S:«oTli5. IP-&. C©S-C«'Kffiv' 
7 ht**Hi2?i:^cffl*S 18 1, 18 3 S:gt>Tt>5.*^ 

awa^ai 8 0.1 8 4 *fi-3Tttv»m^. fi:«->7 

hSPl 6 2®±®1 7 3«S3Sa«0±ffil 7 4i0t) 
gt^ro-t, 5^SS1S©±® 1 7 4 t|^-Tffiffi->7 h** 

^nzj;oabnTi/i?sv^awftfi«i 8 o©it>y'j>' 
yjsffi^trjt* bTfeffi*^ 1 8 0 s-rn?.. 

^ [0 0 6 1] hSTXi7©X|ilBttSI^*^OBH 
■fSb, :T:jaggS5l 6 4©i'OA*W"'ofcObT^Pfi 

4 (02) icio^ta^ns. c©t^^ui*«i5«^fe»-iE'< 

gBffiytic?^ft-r-*>cT. 'effi->7h65t?*sii 6 1 
Xtti 6 2©X|i(g*^lll-rs-t*^ffl**' cw^PfiC: 
lizaSfeSo -•:?«<4ffi->7hep©g©»^*^iH-^ 
50 *3SXIil5T»D. ^-ott<4ffla5®ffSA^-^-e*-5** 
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[0 0 6 2] tefflv7baPl 6 2(0±®1 7 3©i^.lC 

*teJh-rsfc«)C, ^1 1 8 0«^l±feffiffil 6 lO* 

ffi->7hSPl 6 2©J;®1 7 3 O J; /<t«^©ttttl§g© 
mMt. 01 1 C5l5TJ:5&jEKKX'fcS. 7 3 

affi«l 8 0 (01 0#R9) tt. RDm»-Ctt^2 0 
i:bT01 1C5^T. 

[0 0 6 3] VXi^d^Yftl^^iajICjtaESnSi:. SjS^ 
3 4 eii* ©jBig*J^^I^SWT-$.5*^ t' 

WJt-rs. ^ife(cS?9;^tia^©*--eKW3t©^K**^^ 
snTxs^^jWk^ns, cn«0 1 0 ©Tfl!ii-«^^ 

eggpi 6 4*<jt*snwst$t±. RW^t^msse 
©ffl:^*«fi^n5c:<i:A*353nTii^.. 

tlfcA. w, lo (2) oD-Bixmm<Dn!Bti> 
Jti&:B, Bp-&> S^S«©±Bl .7 4J;0^v»^a?385 

©±s©it5$d©^fc*Si^t-s. iE^mz\tnmm^ 
*^,©x, 3 6 o«©fiffl©-fntc*tjt;-rs^8Sfi©« 

UJiA^e.. 3 6 oft©{fi:ffi©-fns:?l€E^:f^®''i^ 
tSoT. 3 6 oK©<4ta©-fnc<ko^i;5®»$ttc 

©J;^lcUT«S!::^n2)©T, ^*^iP^©W^ * 

i^T©Iiiij^ic^viT8t^bTtfe^-r«. idta**. 
[0 0 6 41 TXi^SKA^^ffiC^^lcW 

fcO. l/5iffi/hS^g?tffl©(4«->7hSvxi'T(i 



i^i^tf, ^^^l 8 0, i e 2. is 4x-m-rm.^^ 
s©M<DWMW?s:effl->'7 h*<ss-c»So ^ne.©iJ- 
>:^u >i^«ai^ffli:©siisEit»44 £ D >^mx$> 

[0 0 6 5] s«irXH5©*scts-5^-rss©©ffi© 

1 6 2^'J;oa^^nT^i•^>2?gii5^s^^7tKfi^ft»•r 
^, (010) . c(om^Wyy h^n\zi:*)mt>nx 
10 wj.^,^mi^<nm&vrc2M., ^1 s 0 1 1 8 4 

ft(print wave length) •C©Bf3e®L'^<'*«fi*e^"^8^ 

[0 0 6 6] s«iai£«^acgHi4. iiHsi^i^©sas 

mm) S:^«-r5H*MC. c:©/^^->Sr*fitt--5(S 

33 (03) ©Pi^l 7 3, 1 8 0, 1 8 4©^tKS 
(010) A^^^'f 3 SfflMJ^i-rsas^O^KSilttSE^ 
ns, ;i©jtt^(cit)^'f 3 3Zfei^3 5Cl^-©i«:SS*^ 

CADx-^"<-Xrt©IB3^©«ffi^:*tt*^"^*' 
[0 0 6 7] [g'J©fitffl->7 hSSSft] £t±tci£'^fciffl 

30 $tlfc@*ttW^(8rid points) T©«*fMJS3tKfiSr 
fU^L. ^@*}4Hl^-t?©&ffii^7hft&»t^bTti 

v'7h^l«;a'<5i:'9'5g'J©*ft't>*Sttl**' 
[0 0 6 8] teffix7 ^ft©!flJ^lCi&S^7:^a^^^ 

^tt©W#2 0 8©"::^D-i'^f-if A:5*X2)t)©T*2>. 
Ri*3t^HiS3 6 lcJ;0#^n2.7±a^ff^**7^n 
^fiffi«^aiS2 1 0 <r>—-li<nx-n 209 jc#^^$ti«>. 
7^0i^fi:ffi^fflS2 1 o©ffi*©A:^ 2 1 1 \z\m-¥ 
40 irJ;^TW^Eti5lEigS2 1 2A^eS'J©«^A^«^«&^ 
n-5. M«^©ftffi^>^lt(«Ufc«^*8t-yh©A/ 
DS«IS2 1 4lcfeOT-:^^JV«^»-l5J^l'^ X>3- 
^2 1 6&i;xv^'>'H£«7^)l'iS'2 1 Single -^-Wr 
v^Jl-fl^ffiiS-rs. xv^JH£J|t7^;V^'2 1 8Rl^ 
X>3-:5^2 1 6«. S)i5t«^W§§3 4*^e.#e.tl5y 

-vm^\zi.^mmm^-> 'fy^)v&.^74)v^zi 
8\mi^mtLxmmL. vxi'©^stti^*^ses"^** 

5 c td^Sji^filWSS 3 4 iri 0 ^^nfcl^lc©*A:^ 
X>=J-y2 1 6eA/D^ifegl2 1 4© 
50 8 f-y httl:^m^*Stt®^. iE-©ffi^©ia^*<iSWT' 
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(16) 



IspS -7 6 3 5 9 



29 



30 



10 



^^^'>7.y-z^ 2 0 fctemrs. Sji3t«^tasg s 4 ic* 
)vm\mTi)niivxwmt^ri. 1 1 1 1 1 1 1 1 

L) iiKT'fcs. x>n-y2 1 6«ai:^tt. ^mum 
[00 6 9] [iaE8iJft»^ft«teffl>t^->^^-^'^^ 

O Bim^«^«'J®«lte«:0 1 3 (a) . (b) lC3^f. 

[0 0 7 0] z.(D^mmmm=^- Hx-wf^^ii-sic 

tt. 013 (a) icSI-i^lC, t-A-xy'J-y^6 
0*^eo93tSS«bT, «^^2 3 2, ii^U>X2 3 
4. gijODtf-A • 7.Zf*)y^2 3 6^®-63t!S2 3 1 

^^Ji;)[^' lf-A-:^:/'J>;/:J'(pelicle beam splitte 
r) 2 3 0 *#ttJn^-5. «iil*«St)t!S2 4 0 

aig3 4t'<k»3^tti^n5. 
[0 0 7 11 Kit^t^T-HTtt. 013 (b) JCTi^rO: 

^^•A^n, -:^*««L1 l 81C(r1A^-pT^2 5 0±*jt 

® 1 1 8 (Cii3RSt$nTSW^«^aiS3 6 1CA» 
b, (|&**tSj||UTa«l 4C|^A^oT^tl^2 6 0 Ji£ 
a«14TgitbT3tK2 6 0±*MoT. bf-* 

Sg - Si 



20 



30 



Jt^^taS 3 6 (CAit-rs, iiAlt3tttSS*)t<*fflS S 6 
[0 0 7 2] ma^om^] 0 1 4ICV7.i'0/hS?ifiP 

ij-2 7 ocDTBs^a^f. m^2 7 2\mmx'ho. m 

2 7 4*<c:©Mtt*«W!)-p-rv»S. MlgE2 7 4tt, i^a 

li. m2 7 4^msit^mi& 

2 7 8©ai;£icfflv^e.n5. 

[0 0 7 3] t&^^2 7 6©#>!r-C3t^**<K. I 
- >*i^-©Sji Wit S:*T5^^?^ 
^E-©;Slf£t:PISc©fcfc^^)i* (convo I u t i on) Tf gaW* 

^*caBT'<€T*-5. ^mcz.x. gmmfimmy 
®am^7!i^e>i©2 7 4©ffl!i«s-r©^itmsi©-i#cH^ 

-CfcS. tSoT, 1^2 7 40ja<©i|t!£©-!^->>^'J 
ttttl;a2 8 0Xtt2 8 2©^Stt. ^0^*^<^I^^X'<D 

lfjL-^2 4 (01) T^*Sc^^f^KL'Tt5€, 

t-g*ttttlj^2 80, 2 8 2©^f£tJ:0[Sl!lS1 Rt/ 
S2 *it)A^-5©T, |g*affij^i2 8 0 i:#*aa^2 8 

2 t(D9mi» MS.2 8 4 iiQtttui, mowom 

[SC4] 



ton G = 



ta2-(S2-Si)2l''2 



(4) 



[0 0 7 4] tc<to#e.ns. i^©-*©fi'Jffl©«^*' 

V^T. i||il@^ft!lWffln>tri-^'2 4»C<tOH-»-rS. 

ffij^*^teffi->7 hmxmtjnx^^u\,m^<^-77.i;\z 

ht*ipKcgt)nTl^S«S«i:©«S^T«Alt3t^©lHlSr 



40 Aiffa©T', ;i©«[S?^-e«7t**S^L-&''^*'^'J?* 
ig*iH-*©{ll!l©«#©*'£><!:S«#J©«#©*'l> 

[0 0 7 5] ST. *5eSg©Sfi1^^SS11M(^l'*^® 
^2}^^{tjttJ. *^§B©S2}^^trMUT«. U^T© 

(ommm^u <b -rismm \zikx < •& t> « 

n2)a«©a«#tt*Kt-Ebt^tBPtSiS.i:«*^t>T 
50 ^^■5te©|l«|fj:««±©;5''f^''^ttx-^'<-^'titl? 
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31 



32 



[0 0 7 6] [v'XxAiia] *ISW©^2JE^^irHb 

jgsB 1 5 tsfe5»aa!a:rt^**0 1 e c*-r*^^n 

CS^T^ilT$.-5^t'a&5. |l«(C0 2tHl 6©*Vi 

S. 0 1 5 i:0 1 6 iS))t^«^S->X^-^ 1 0 f)^- 

->X7"A 1 9t?S.2.. 0 1 5«S«1 4AiXYX7^-v 
1 2±H«*^nT^|ifi«^SS:Slt5tt^Sr'bS5L.TV» 

[0 0 7 7] Sji3t«^tHS3 4A^e.#e>n-5Sji3t^S 

^§!K>S*^fe5. -Oaj^ai'^-Si:, Sii5t^WS3 4*^ 



fyXp!mX'& D t) U-:^03t©^!^-CK*Tt) 5 S < *^ 

tcmmt. !Kmmm\z^m-r^^m^cti)^mm 

10 5. 

[0 0 7 8] [XYXt^— >*i:-tt-4^K7-f:/] XYX 
:/vX-rA2 0*«$ilffllS:H]'5<t5lcar3Tg>3«fil 4 

*|iea©^2JgffilcHt)*«^SE->XxATtt. XX 
-V 1 2 e^^'^T 'J >^izm-^< X VXx^v'TSS 

tt. t^JHIPS V*i*0. •iE-©><-:^/-ttTelectrac Co 
rporation T^S. 

[0 0 7 9] [m^«lffl-!^-::^->X5"A] 0 1 ica^^ns 
i.^\z. «TMfl3l-!J-y->X7^A 1 9 tt. 
j()^e>fi£SLr3TV>5. ^^F^C^^yXxA 2 0 iftHPn > 
b;i-:S'2 4, :t^-/)^-H2 6ix^xyW'f 2 2*^C 

30 gg) 2 2. ft!l8l3>t!3.-^2 4irlllieT3SI*i«3. 3. 

->XxA2 0tt, XYX-r-v'lB, Sii, SW^tfeW 
S§ 3 4 1 3 esi^fWffla >lfi-^ 2 4 tfca«[al«S 

-efeoTSV^CSI*<S. «HI|3>tfa-^'2 4«, ^J-'^ 

oTv'XxArovx^'- • 3>ho-7fl'AS't>©-r 

»0. J|t*iJ:7:tJl'-7#l iountain View7UC*5D-> 
• •7'l'^D->XTAXtt(Sun Bicrosysteins)SX/t— 5? 
40 • n>tfa-a' (SPARC Coniputer)*i—i«t?a&»3, c:®ftd 

Sfil<!:©->X5^A • -i y^-y:c^7.thX<D'&.m^ 
cTV^So OT3>t:rL-i5^2 4«. ^T(D{i©1fr>' 

XT-A^Jcifi] Wrn -7 > K b£t3X^n^i^-:/->^ 
T-A«©3^«ia«r^:-^'bT:^-'<W-5' (Slf^M) t'S 
^e.tlfctt*S:^7;^i*--5. «^S:H-:^->X-r A 2 0 © 
tiegtt. $!l1B3>Hi-^2 4(ti-3TUi$nfc3T> 
b'S«f?bT. ^b-C§lfT-rSC:i:C*-5. 
ffitt^#:e<lC«, Sii. SSt3t«^aiS8#3 4 t 3 6 A^e. 

50 <r)\iLttm^^'T'^■^Mtr^. Alt3t5i«A«i^W^ft:-r 
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33 



34 



[0 0 8 0] [ftf^an] mmx'^^'^^itmmmzrh 
mmtm^ 3 4 a, s« 1 4 ^sjitTjitfSii3t«r 

i/7.7-A2oicA:^bT, m^-i^m<Di^«m^ot 

1 4 ©5^***^ «Slttt^>:^t ''^ t 
i,. {>!|x«^tfTfefl5TflenTVi^±PlC. 4 8 8nm 

^ 1 1 %fc*di^©T««ffi**t'^S^'***^**" ^ 

[0 0 8 1] 01 7li. Jtt-Al 3*t*«l 4 0^B 

^m^tsEm{tR^^9n 3 5 0 1 3 5 2 Sra^-TA^ - 

1 3A<»«1 4(0«B»«fctlTVi/iVi®ttlSR-C&«>S 
gaS^ffi**«-r*l^«' iE«<tSja)t3 5 0ffl#®k 
^Mt ir$>r> jEmSi^JtM^ 3 5 2© U'^-'Hi 0 T? 
»-pTon«@0^«3 4 0tCS^Lfc. HC, ^H-A 
1 3*iSfil 4<J)«B®StinTli5^2MH±*S4 
TSfiftts iE«fl:aji3t3 5 0©^'^;i'«0-C*0iE« 
{t,KW?tfl^3 5 2©U'^Jl't±l'CS>-3"^^*^**0®^^ 
Sc3 4 2 m^mO tCS^tfc. 3tt'-Al 3*<S«1 

i)^ibo 0 . -uriEmits.^^nn 3 5 2 © 
;n40*^e.i'^tSt»s©T»-3T. dwwisroli 

*S3 4 WZ^Ltc. 
[0 0 8 2] £^Ji©<Ri!iTat)t^«:RS^AiEV^n«. S 
« 1 4 ©i:®!^ i;^ICi^TSji7t«^<5:SW^m^®H 

fl-^3 5 4*tfeoT^fl-f3 5 0<h3 5 2A^?.0. 5© 

bfo^^i'j*Tttiia#ttA^e©3aaft:d<fc*a«. -^n«x 



<si5itx;^©ilf^*^®^^^Si^'^•i■'^*^*'*^^** * 
[0 0 8 3] s 1 8 \z\tm.mmfs.^^n>izmT. ^tcv 

S^Sn-5ASM?i»m^*01 7 t(^«fj:<*J5ET'5^b 
tz. «i*^nTV^5©tt, jSjS?tfl^3 7 0. Rfti^m^ 
■ 3 7 2tfDft^3 7 4T-*^T£S8T?«0. 5©:t7-fe 

>>hA«H.6.n. ;inii0i 7©«i«3 4oti^i;ttj5i-c 

©SMa«®f^^M0ilT*5. 0 1 8 \zmr, IES{t3t 
ffi^3 7Z\ZBm 7 3*tSlg^fni^mi:bT?a«^3 
7 4(C*)iai®3 7 6*iglgSnS*<. cntta«i4J: 

mmm:»n3 7 o cT:feiiiicaen5iH]«3 7 1 

*t^t;-r5iE^<tRWJt«^l'3 7 2^^ni.|Hl«S3 
7 5 itil^^t bT¥P«^3 7 4 CB3«3 7 7 ifejgfig-r 

ziiiznm±x&^i 4±©siBgm8P±-c©s^f^Sfe 

fitrflS©*SMl^iH©«^. 0 1 7 © 3 4 1 
20 fg«i:|^i;j;ptCfPffl#3 7 4feS»^t?-JettO. 5 

[0 0 8 4] Ctie©jg^fi«tttSSl4±Ti7D-A 

sjg«ap©jflei^ (cn«a«±©'Fsis8ii:fliwbT 
vi5a?BSffi3^tt©«^^) t-Sf-rs. -e©ct^>^iia 

ll(i©tfijtt. 01 8{C»T[aiS3 7 8tbTSt)n^. ^ 
©<fc^;^tjil!i*^IHi®3 7 8i:bTat)n5©«> S«l 

/-^®s7.V'y^£igcTWtjeH-rs. AMM?5t'>- 

D^if-f X®^^T'ia«3 7 7®Ji-&tR-eRg*T-$» 
5. ti£^T, S«3tft#l 7 tSiS^tm^l 5 tWWfl 

HbT*^tcmi'^WJ«1"«*«W**''^' *«14Ji 

T, a*Mm-p*3SWffi;^7t^®-t>-:?'->:^xAS:t)oT 

ftlC^l^Tli, JJtT®01 9!&»^02 2tr5^-5-'5. 
[0 0 8 5] 019tt> aS14±^£Jtbf-Al 37is<i 

5, 0 1 9T'H. iEmSji3t«^tt«ltt4 0 0 \znL 
T^U-y KbT$.Sd^ »«1 4±TI^-^t-J^T®:i 
®Sji3ti:^t^&-riEm<kS«3t«^iifiSai4 0 1 
bT:/n>y hbTfe-S. '£i.-h. 01 5®?Sf-i^W^^* 
(c-:3liTiE'<.fc7!i^. «i^SC-y-:^vX-r A 2 0 tt. SjS3t 
m 1 5 1 7 0 1 ®w®ffi»' 

<tbEo;J-7-fe-y SI 9©« 

1S4 5 0©m^»H. «SJiT'ttS*f5t«^*^Sji3tffi 
50 ^CJt'<T*&&lc;»:#v^^l::^*f&L't*3 0^SWlfiP-S 
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35 

^ommti 1 xizhRz^mmtm-mms 6\zK 
w^ns. mm\z. 01 9©^is4 5 2o«#*ftt. u 
-Iff- A 1 3*^5^^ffi©®a65^:*^E•r5^i^l::^^ 

JtStTt^S. ®«4 5 2 «{iittJti;-A 1 3 SrffiSSS 

^«4 5 5ttl^— tff-A 1 3*<^D-A0J^©ffl«a5^Sr 

[0 0 8 6] T-R (T«Sii3t*R«Slt^t£«-r) 
^Mdi^T (*liJgtt«lttlA^TTia«l*iR) 
|ISpJm)t^Mlt:^->X7^A©*^^*?:ft«S4 2 0 

T55T*«rnBafc*eA>/j;^i«s*iig4 2 iT-gasnfc«s 

-If^^Jk 1 1 ©Bl<^#tt> S« 1 4 CD^^Jt^-OT*® 
lcflt:pT-5-n-ena#;^*i»4 2 OST-R^WCJ^fiK 

1-5) . -e-ntf, s«i 4±«=&*®iafg^. fcb<f4 

tSffi«4 2 1 (DlSRXf^om^O&m.'i 2 0*^6Wm»t 

[0 0 8 7] m&W$.4 2 1 ©ffittAK UT^SEW^fil 
*Sft-rSAtttie4 2 0±CO^tC&-:jTa*<D*frTS 

IS®!gi*<b*»iJ«lC$!jiZ:l<T»*S«**Hi*i.. n-— »f 
tt. !^5.glrJt^l;TT-R^M^fl^*^^fc' «^/<tffF^ 
<t©-fe-;/ h&Sit-rs (^il6MtS4 2 l©i|i«T-R* 
114 2 0lceoTl^-t?*S«2-Sl4*Vi) 
::cx\ *%M©S2}gffiTSi.a««^«g«©-^® 
9©T-Rffi^g^M?^^'*^K*^•&'t*■^'^ 
^t,i« ^n-e. ±^©tt^ffii£ft*^-nTa«&MJ^4 2 

1 $nT:fcO-t©ieHA^e>T-Rtt^©«fiE^** 
^tZttifc^tt. ||^WT©^©#«E^0Ttt^:^'"C*^^^ 




36 

*^W©>'7,xA«itKfeTl±!ilr>©T-»«±©^^ 
P(5©feBa]-^ii)ilMffiS ^ T^RS^HISlcSfltS-r 
•SiJJStt^vn ^Ttt. «-«^4tclSbT©S«©«ffi* 

2 l©5£«ICS£oT-?-©«effl*^e)T-Rfti&©«^;S*^ 
[0 088] *^W©^ 2 ©||ffi©?^^-Ca&sa««l« 

/o :^ttic**Ttt. T-Rffiisa©«fi!t^A^a^w-t?ife^ie^e 

mt4 5 0T^$tl5^«C*5*fe*55U^©5 5 
^«4 5 2MtSt'5l55A^t)bn)i^>U. &c;*C©6;Stt 

?it;4 5 offiair*T;*:«i^AU 5 5ffi«^£-LT*© 

X'M<02^ifint^4 5 2ffi«^«tiK<«^fc*-^'C» 

[0 0 8 9] 2|s:^W©S2Jgffi-r*sa«^4S«Rti: 
:^^ffi©M5!^tCffilC5feffit-JT56I.bfc'^aS«. T-Rtt 
20 iK©ilfiJ^OT-R¥®l*3'C©6cfi«S««®©*<4fc^ 
i^-b^wtiaMi^ttS:. ]it('itt>:^©«^«-?-©aS* 

fi^ai?BRi^:frft©^2©#8te> a®)XR8^s&« 
-e**. cn^©f€^r/#igS:fc^T, *fe?B©^2 

T5<:RB©aSS:I^ST-&Sg&^'r5*lC*5. -tn* 
ffTS:^^, T-RSMTXPfi*L'tSn5fite««4 2 

■en*iaiK^«4 2 1 <Dm^}^ii^x!K.m^i¥xi&i)^^iM. 

^lCgtST?.»*^til*S. -E-©±, T-R**Aif^5tt» 
0«fiE^©&e-CfcoT. hLmtSfi<b. :>:|i6®Si:a 
jilcWUT©««f*Wffii:T5. |1lE©«l<*XRB«f# 

mt^^bmz&rF\zm^^^t(>^<. 

[0 0 9 0] *»M©^2}^!i-T?$.-5*«^**ft'P 
Ti:RTf^«$n-5»«±©-^T©9!lSffilr^£lt 

mitm (y-f ■ • y^f ^v^a^'f • • t^-^'^ 

-T^m \z^^t^z.t\its.<, U^T^m±<Ty 
a!RffF®4, 9 2 6, 4 8 9-^i:MI--r-5i:^^T-* 

tj&e.. pg^f;i'aig±-c^«:RB©?¥ffitefi©ft5£>-®:it 
50 Tabs. 
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37 



38 



[0 0 9 1] 0 2O»i, •ft«W^j:T-R#MttiS-C&^ 
t. R}t|»±Mi'n-A0}^±l'$>5«t^«Sia. 4 7 

b. i/D-AS)g©^SI5(c3&5«i^f^^tt. 4 7 2^^ 

I&JS4 2 0®:&±©M«4 8 1 lCl^^-lr;P^di*2.W-C 
[0 0 9 2] ^a©XRS©«^. T-Rfit^®*T«^ 
4±fflr©kri7-t:JMlKU^i)'T'?ilU*t)fe5) 

02 o*^e.«*»5±'5ir. ]ESfl:'^tt*^4 2 

-tnfiSciC, «f!|ASji5t^^ttT/^lt7!ii?g*5oTfcT-R 
«)S^©ilft*^to-li-^#A%i:a^^«4 2 KD^tctt 
*tti5*«ige.fS£or. T-R^W©*-^»4^«1^^ 

[0 0 9 3] vifiLfs-i)^^, 'bhiR\zjEm.itmmmnm 

^^mm^z^^^xr^mL^I^MT"- $ff;^v»Sji^« 

-T' ^»^m4ffiffl-r5*-C*S. T-RSW^:P 

mjacairsi:. •ai»sftiK5 0 6T-ia*ns^J^<cffi 
^-rs^i. mztm^$>^ws.\t.wt£.ir^, zom 

mcizrn-y hM.m^i^^^^^^ m\zm.m\:^i'-t)\^ 

i7 n - A aj^SSSB© 1- ^ ^RB t S t m 



[0 0 9 4] *^W®^2}gffiTfeSS«^*g®My: 
lC*ft&S?6UTV^SfS. SStJtfl^Rl'ML'^-®-^ 
a^ttR" &RlC«U±<l:i^«(c:^a>y hfSR-R" 
0<OSgtt5*^W#^J>i%I.Ufc. ltIi|^^i^C02 2 

IB 2 }g^-cfes»tg^«giiMt/lc:^ft»c»t-J-5^ 4 © 
i^a-c^sifl-^s. ^ttftseosji. R-R" ?sw 

^e,ni>M.X^6Q7mi$X'&K)Ctl^'P-b\Z, R- 

R" #Ma**#;ie.n5). ^(oi&m'b'S:^-^^^^ 
s^-ri^^ensEoT, R«ttig<. Tfii«fi<, r" 

^jiens. Mic=#BW'i>*«i^S'<^«< 6 3 o« 
02 iT^oT-T" ^m\zmf^5 2 o«»c;icoi^i;^ 

R-R" ¥®f'5S^Tiga6 2 otc^* 
nT#«EU, ;i®«^ffl^-r?.R. R" ofli*^e.^n« 

[0 0 9 5] AKUT^B®^tS*ff<-77,i', 
30 T-R, T-T" fi-pR-R' ^MTf©^ 

R5»jt>m)® tr i7 -fe *^ ^la-ints^v^**^ 

XT- A 2 0 Tt) o T^©1»a<l:iaE^:R5m«« i: 2rM 

(452, 4 5 5. 4 7 0. 4 7 2. 47 2. 4 7 8. 
4 8 0. 4 8 1. 5 0 5. 5 0 7. 5 0 9. 5 2 0. 6 
05. 607, 620. 6 3 0©S-««^'*) U-^-h 

b ?rfc-oT«^Sl}-:/->XT-A 2 0 tt-^-O^HSmCffl 

iciaje»±if-5**<tii*sA5, coi'jp-bttWia^T- 

R. T-T" fl^R-R" SW<!iroMillCj^Ta>!?^cW 

m^-\^RzS2mmz^imm^m^^tm*^^^^ 

[0 0 9 6] CWi^AittSSrfeoTtT. ac>!^tc:/ 
Di^7A-r-5*Cft-:»T^< ® l^^- ^^'^-^^-^ 

50 ©ass'Jic^j-s^ih?£ttW-r5iiT'fe^. ^scoxRS© 
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40 



T, RtcMTT-R. T-T" RC^R-R' 

A<Di0\Z, 02 ICDT-T" ©5 2 OtStl^^JCSZ 

[0 0 9 7] tflffi«i!IT«, Sji^A® rg*|l/j}?-hj 

AND*l||]!igSn'5*i-e®*m*. T-T' ^M-e5 2 
0Jltci^i7-fe;i/At#eui.:pR-R'' SWTe s oar 

[0 0 9 81 ^aeoXRatt^l*®^*-^^'--^^'^^ 

-x*«i*u T-R, T-T" B.-^R-R" ^m^m 

ftb. 0iJA«T-R-T' . -E-n-Ct)» 

[0 0 9 9] ^nr. ^*:/D^'5A^tlTV^f.«'f^ 

5fC#IS«*^e)©i@8iJU'i^-H*^5tffL''Cft*5tl4. g 

5o4fF©#^ws*l:Ts) . -tn*^?.^!' 

[0 10 0] imsiitt, <^s-r^'<ti'^^^i'»«*** 
s-st, 3a©«^Biie^MA^e©te**««bTa«x 

■tMzmt>Z^1kT tRtT" Rt/^R" 
<t:bfc*>0-C$..5. TtRtT" RZfR" *E3 



HbTttH2 0-0 2 2*?T'ift?gSr*-TS.5A«, 
\z^m^M b T5^«©a©)e^^7t;W!4« i 

^«is«-r4^> fcbfcgc-5^**«Rt/:*t^®ffl^*5-e- 

lC»r. 5felciE'<fc0'JT-©ieSW»Ttt^J£©«^tt, 
iIf2^aie^MOS'J®ifl^*3-B-^:bTT-R'' . R- 

T" B.-PT" -R" ie2w^ffiffl-r^.«^*«*^. 
[0 10 1] i^^^^&iR-v. hi'iK.f&mi^i^fi^rcTs. 

TtRtT" RO^R" ^Bgi»:7Ci@«iai^MlrT«3 
/o ©«MM«g&i$^i:%;^5***ai*-&OT. *f£W©« 
2 j^liTfe5fi««^3£Siia£t;ic*ifeic»i'^T tir ©Jl 

^J^©-^i&a^-ez:^^:5t®^iS mriJ-yx'^-xt 

l±, ES;*C7C?&i^«bT--:3©^g?^S:SA>T-;J;7c05p 

fflicjgi^-r-2>Kf=o©ii.&t)-er*ia&i3. ^(omrn'm 
\zmms.nx. i«:RSfcMbTa'!r«-»bTi^3e-r-5f^« 

20 [0 10 21 ^nt?, ^?tmof^2mmom<omm<om 
m-c\i, C0m^^^ffi\zm^^t)^tii^xtiimm}k5t^ 

se-f. ^^■c*-5*«±raj*t7cie?SM«rXPfi^ai(c-&© 

[0 1031 02 4CT-?-©:/P7i'0l-3^bfc*^. S 

cjii*T. ji!i^$nfcTiRft^cMb32S6:7'f -iw^S; 
AutT^^bte©ia^HT=&ss^$*s**^w*^- 

30 rffl^ttTfe-STtR^^tCjW^T, (a©iiS^7C 



«i-rn«, ffi©ffi^*«Sffci'»enT*nTt>-pT»Jo 

[0 10 4] MlcHRftb/tttHSrSK-r?., 

«»HSC> <t!l©H»t?S6oTT<!:R*fflt^ 

[0 10 51 KCIiflibfcA«> ;A«HlcfT:^tt>n^^ft 
ft^i«^lic®-9-:^X'^-7>©±-cd^e.©^«a?:*» 

50 Sf^m^ii&ST-fetjT, g*?^*S:tll-ri^lC#^»Cl--5 
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42 



^nmt. fx (t) tgy (R) \txmm^ti 

TV^S. ±iE«i6eT-. 7^;i'^Sff1 (T) 7 0 4i: 
A^g) (R) 7 0 6tt&'if*/'^;^7^';i'5'T-*oT, 7 
^JV^^il (T) 7 0 8i:*^g2 (R) 7 1 O^&'f 

nTt^5ffii®7^;i'^'tt---ett. f" (t) 7 12R 

t/gN (R) 7 1 4T«$nTgT, Tl.ORfl-^lCj* 
[0 10 6] g|2 4C»T. -ei®7'f;i'^'*i^A.6 

i^s**iS*'t-^>«5T-f-©7 -< fca-'f <s^^ 

t. hhy-OVi^f^ (T) 7 04<!:gl (R) 706 

y^)ii^fi (T) 
7 0 8i:*^g2 (R) 7 1 0«§'*-^ait^i-7^;i'^t 

n. :/n-yi7 7 1 sTJiT-T" ^mmm^mi^^^' 

fayi;? 2 OT'^R-R" ^M1t^*<**^ti, :ro 
.yi; 7 2 2-C«T-R'' ^M«SA^*«>^n, :/n>yi^ 
7 1 4-ettR-T'' $M1S«**««>&*^' ya-;;^ 7 2 

exUT" -R' ^Wlff«*^**e.ns. atcMTc© 

[0 10 7] Hw^ai >)/i7TcD^ 
5. i^m&jmmmm 2 8tt«is«, 

[0 10 8] [-;>cm^^ttWtt»] --T-«- Ti:R&* 
[ T"] = I L ] * CT] 

[0 1 1 1] AKUT, 02 3 (b) X'^l&^ni>-'A 



|^Ktc^iii»©M&ft%•::>^-^^®^^<^of^^i«^*^t■ 
-5**^SSTfeD. ^©^tctt^«.t:i7lr;HcPL, ^ 

5. 2|£5EeB©g2©llig©JeffiT?fe5S«^4^KMiy: 

\z:fsm\zx\t. p^y^-'^^mTzLxsmiWtcis.^^m. 

^T'©Sffi®»3^#ttlC|lto5i»«*«fe*-r5t©Ttt 

^la-rsdt. *isi3©S2©iiJ6©}e^T'*«.»i£^* 

iS:ififttttg-r5*tt. BP'S' ' 

[0 10 9] -*|»^^fii©ffrff*ftS:eitl'^^«t'f'' 0 

2 3 (a) mmh. mm 4±<o^m'bhi>mmx<o 
20 «^b!i'-fe;u©Sji>tffi^ffl>'«^ff^JBP^ V h 'J yi^ 

7.t.., iLTSSUT^oT, ^©-y-fXtt. nxm 
T'^^tt, SlS14±©S«^SfS«-eot^;!'-fe^K^S^ 

m^m\tmm^x-mmmmirtnmmomt 

(,^02 3 (a) -em t S r tS^^AniiiStJ. -^^ft 

T, i?D-AA^'->©«Cfe'5©A^*S''i«. ^ISg© 
±tc*5©*^»'-:3l'^T©««€:-^^*J&'^**' 

[0 110] mz 3 (a) ©t.., ICTTiN^Etl?)— «»J« 



t.-l.,-l 
t..,-l 



t.-l., 



t «-l . jH 

t I, >+l 

t l4l , »+1 



40 fit, BPttJiabfi'-tJl'ttO-^m^^ttt'' .., S: t.., 
^© J: 5 h U i!? xSlff^^ffl<'^T-a-«to-r :i t 
[^5] 

•15) 

[0 112] 

[See] 
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43 

-ItOl 

T"lx.y)= I L(i,))-T(x 



(23) 



-i.y-ii 
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(6) 



[0 113] vi)^bmiib::(r)-7h^)'vi77smWf-r 
[0 114] z:^^s^^M3^««»**^^t-^^®^^^ 

' d V d ' 



iB^llrJ^ttS T t R © -;*cm^^ffi<^±)!&©tt»ttifi^M 
iO (CA'f/'?;^7-<^^LS]-^-7hU-yJ'X (7) ^CT* 
ligbfc*^ JICIIC. c=0. 1817536 . d=0.O)5390O3, 
^^v = h=-0. 0648287 a:UTV»5. 

[0 115] 

[»C7] 



(7) 



[0 116] xi^3';Ht$nfc^nfctf^-tr;i'x-^(- 
Hbfl!icDBiJcDfcfci!»-ji*-7 h 'J i7Xffl-»o^Je. 

[0 117] [#figM@ofP*S:^&] ±j*®<t5tc. if 

fgi@^ratUT«T-R. T-T' ^tlA^eR-R" 
*fttcMT«, ^T-R, T-T" fi^R-R" ffiSM 



20 



WfUjtftMr/CT-RRt^T-Ta^R-R" SWrt© 

[0 118] STEATC, T-R#Mffi0rt-^^i^RBffl 
g|A^n5'<^»Xliia«^0*#iS*T-T'' MC/CR- 

\^tci]ifimmm\ziEm\zu^v^<oh, m^^ mm 

T, R. T" S.-PR' ffl^^tJ- jS.lCT«l^b^-0 
50 c:©J;5lcLT^^-r«.#^>lft0«> •teWttt'fc^! 
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[0 119] C(DJ:5&lJ->:/;i'ffl«ttt«^S«fi^=^"'^ 

^ ,j _ (2 it©:) . ® 1 A^idftw e. nfc'»^ < t i 

zf)VO±\ii^-tMtm't^n'i i- U -tS:a:/D >y h (b i n 
ary scatter plot) *^©T-R¥ffil*3»'ffl<**'W* 

cn*tai%. A-r^^-'j-mi/n-y ^■^**• 
[o 1 2 0] tixm2 o\zm-:}XSiimffjts.m-v\t. tsm 

«4 2 1 \zmiziSinT^/vX'h$i^>^v. ^)L•t^>7';^^cS 

ttoT'ai&M«4 2 1 ©tt^lC±«m^*«*-^®tt*l^ 
0<l;5^tftftl!ffi«*je^l-' St)©T-R¥iStt^TO 

■rsa^llJi. 09;t(J»*Anil K. Jain (v+'T^) C 
fe55:ft)5 "Digital I mage Operation ■rv'^'JUilfe^ 
1 9 8 9^ Prentice-Hall, Englewood Cliffs tt 
AOS 8 4-3 8 9HIC$.5J:^a> ^Jp2jHBSI*M 

ai**. itema, 2a»©i^#T'*oT^o't'««fc^ 

[0 12 1] C(0J;5(cUTg*l#Bga«S<Sl^W1i-'fX 



hiOli, T-Ri@SWt-»T|(lE#^-y->yjK^#<iS 
[0 12 2] T-Re?SWf9"CM^«:Pl5^«*r^et"-5^ 

;o hifyA=S:mz»jiy^)li^t:mCXPimit^nmVX 
^, HtttCTSi3t»tj-T2jtSctt©#Bgfife0'^iStftT 
S^A^ta*-?.. |flE^<ltXhi^7Aft©fim<!:«, T 

-Rv'-i^Mii^'to^^mmzi^cxiiam.w-i^it'^i^x 
-e-©^icjs£#tcig::e^j:t»T-Rx-^^ttv::<^^S-c 

20 [0 12 3] SiJWft«***oT, *XP6«S:5£ilT5i 

^E-tlttA 7 U >;/ i7 (Hara li ck) B:^Oi&:S:iC<t XWUmi)^ 
gt*enTVi-5#'Wffi#(Multi-valued Morphology) 
^mi'St)®''?*^' ^©^tlKtt. ii^: "Inage Analys 
is Using Hathera atical Morphology " TI^^MJE^SS^ 
ICft5ii«^««TJ T-*oT. 1 9 8 7^7fl5!fTG> lEE 
E Transactions on Pattern Analysis and Machine Int 
elligence, Vol PAHI-9, No. 4 |-E«*^*-2>. ^<^^ 

m<oyjm\t. mzm^tz2mmmm^(o^m^(^J^^-^ 

•5. 

[0124] 2 (0*156© 

\zm^9n^Mt Lxmn^^Wio*i)^m^nif 

Tt/i ■5#&©3t^Wm^ Sr^^-r a cfc ^ ICS A s**^ai 
50 aiS*ir->hU»«tcjtig*^e©)tSrtt«©^5Sr'Ai* 
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(0 12 51 xii(g^SEi§bi^5il-^.BiJ©*ffia. #S<D 

h 7- (backpropaga t i on cnS: B P N i; 

CCTBPNtcMbTH, J.A.Fre 
enan and D.M. Skapura, m "Neural Networks - A 
Igorithns, Applications, and Programraing Technique 

^-bXyoi'^AftlfSJ taiKtt Add i son-Wesley (v-tJ- 

[0 12 6] ftSMBPNfcMUTl40 2 Str^LfcJ: 

txHMUTli±tcTa'<-r*5*<, 02 3 (a) RC^H 
2 3 (b) ©T, Rfl^(CMUT^}gH^-lrJl'ff©jfi^ 

©^-ifi^-t^Ai^-cot^TSS) ^^i-fxnxxtit-t 

5**^ai*T-?-nSrli.^*Xfc^D-tXlT»-5^2llC 

m^rm^Tcmmij-n tm s i©-a-n >a 

4iia»-&t>-ti:T'e©fi*¥l^»-tt*iKf^fi&<*<tH (I i nea 
r activation f unci ion) ICTi(l*5=&W^<&m:^'5'S. 

taiE^ 2 3 l0«-ilKfii5lc»TSfi 

[012 71 m7XHScttfhff^#A-'f 77Ln.-.y h 

mil^X'mii^-oX\^^-fi^^*t&h1£^^. ;i©^sse2: 

crTS®&»tt. «ia©l()f^t?«< fc<i:^^2. 31 
©&lHlK»*^fitlS©^lslKffi?:iii:^Tffl-^5r§ltAtl5 

rvh±x(vxtimnt^mmtLxmijnx\,^^sRx\t 



[0 12 81 tnwcn±mmt-m(D&m^B^(of^i^ 
\t, BPi^<om&mizmzmm{t^tirzi^^x'$>i>\zm 
€11 < ftBsaa'* m(o^^\t. mtLxtii^m^\zm 

tl5*t>S>-5©'^*'&. BP-^. *5E?9©S2}fJffiT*S 

ffilCJlPt)'5>''?'f7X<&iaStT. C9JA.tfA:^l (^1 
1) ii^tbORtR' ft^SSItabTbSt^T. T" 

i-DT^-®J:^?iBPN tt, A:^8»'4:3©r:3.-o>S: 
|$fc-li-4^©Kfi!lBjfig;^4!!lS»T, R. T" RJ/R" * 

testis bTS*^^^tfl:I^-|^^- J; ^ 

x\t^<om^mzxmi^mtm^btc;f- >n-m^m 
ai*s. m-^!^f&^m {^y/^^^i^m) *a/«-r^. « 

m\zmx. B?ii<r>x-tim\t.mM^t-^^-^xnKi> 
*35tffi*5b, \^ijm\tifm^iifmmm\znK>m^^ 

T^A;^M^t^-5i^^i^S*^^<*^*^^®'-*^"^ 

30 m\z'^x^<jy^3).m^-rm\z^-^xm^\^^^'m>!^ 

[0 12 91 |fllC$E'^fc¥SilSttil©lSSffl-r5»tt 
Sbv>W:;3*A:'](cia*€rt>-a-5*T*>S^n«.. -E-© 

-r-5J:^»»'tti*2>. c:©^ft©<a©^}e«5*c«'«^'-Jt= 

40 7-c;i'i'*®jS*-&T. 1 8'>-WA:'3-3.-n>*i6Bt 

aA:»7l*«;^-&'k^t-'^' ^m^xQ-Domwtm 
^{Bt9o©RS*3tm^fli*§ttAnsj;9icb, 

* 3 X 3®)£filt:i'-fe;i'tt-r-^'i:bT«#)?.tJi5lC 
[0 13 01 2^5£^©^2©ll)!i£©}^ffi"^fe**«^^ 

S^;i'-5^>>^D-fe7.Rr;giIicHt©8S^*^^?'J^y 

TiE'<T*/tAi, :^Ha£^iRlC«jlbTl.iS.<lA*<|fie 

50 ^nsti-, *%eao 
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49 

sgcDj^^ics^^^T^^e^^^wi-fc*^- nostrils 

t)0\Z. *H«ftf«4. 5 7 9. 4 5 5^lCia«$nT 



50 



-jj_-Xuv>yy^~^ (PLL) U-y->7.xA<D:r0 7 

(013] -^n^nsia^tt-Hifer/tcSWJt^-H-c 



[01] *%ggffl^i©#«S-efe5«rSf&^li(5i«itfeS 

[02] Eitfjs^^nfcvT.i'SigSfi®— Sf-y-:/-> 
[S3] y'f'y-y'f«i«*-H(=»'t2.3tt-^®* 
[04] ^^v~9-9^--7Ji^'^-n-:.1kV5^%'d 
[0 5] :4--h7*-:tJX Cafd^S^) ->XT-ATttffi 
[0 6] H^-YVa-iiT. (@ft«^) v'XT^AT'^ffl 

[07] X-YXx-v'«Si^0"^*^*ffl®*^'^*"'® 
-gPi)-SrBtK^# <fc ^ 

[08] 7.x-e^<o«jt7^-^<^WW*^^'^''*^ 

AJ, 07lC:fel/^T8-8©iKtC»^T«m-pfcmo»flS 
0. 

[09] Xx— :^»«jfi7W-AOPi8^^^'^''** 
jii, 07IC*3ViT9-9Oi®l'i{i^"C«^^^-W®W® 
0. 

[010] m^%m!mii-^^<}^m\ti^'m=^-y 



.„14] iei®Sl5£o:^SS;ISj£1"S^<0S- 
[015] ^^e^wsacDiiigoj^^JtMt)^-^?^^?^ 

[016] 01 5T'ja^^nfc-7xi7ttssao-afiu- 

[017] tfX=^^Y:)-t?— Ilifei^ffJarpfc^. "fe 
D-yh0. 

[018] Mja3ti:Slt*ffit^K^®W«®^fl^'^jE 
[01 9] X|i(B^«E^t-l.^*^*SjM:tSit3tffi^« 
[02 0] 01 gO^BS'Fai^ttt'^. S^f^SSAi^a 

[02 1] igja^fet-t-O-JJcStiJ-tt*^'^^^^^' 
[0 2 2] R8t3t;t^<0-*«^<fi*^^fc^^^' 

[02 3] vxi'S««^*i^*^T:tfi'-fc;H''^;i'T®S 

[0 2 4] 3gO3ya-yi7 0T-*O, Alt3t*'@* S^J^ 
[02 5] BPN»il®^>y h'7-i'©ASMfii^^J4 



111] ■smM^^'ct^m^m^^^-^' 

[012] feffi->7h*J®)S$*Sa3£-ri.l^l^ffiffl'^2, 



[«F^®Si?l] 

1 tf3t^5^. 1 2-X-YXt— 14-U 

?^^;vs«, 1 6-jt^?^-tJ-:/->xxA. iB-T^-iS' 

^_;^.7y:/^^. 1 9-«^ftiligi^:/"->7.xA. 2 0 
•••«^^iC1^7'■>XxA, 2 2--T'fXyU'f. 2 4-*iJ 
ffll3>tf^-^. 2 6-=1--5fv-H. 3 0-W-tf, 3 
X-^m. 3 2-3ttf-A. 3 3-*«®1i-rx>J7. 
40 3 4-SjS^^ttS. 3 6-SW?t^aiS> 3 9-X9 
X, 4 0. 4 2-WgJt^e<)k*-AX=^^-fr:?-. 4 4-e 
-Mgffl^. 4 6 - 4 ^J-O 1 tSfiS. 6 0-k*-AX:/ 
ij.y^. 9 0. 9 2-Ei>iJM7;t 1^ 
0-'taffi>'7h-77.i'S^. 
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[03] 



[041 



[0 51 




[01 1] 




II 2] 



- 

3 6 J:5 



209 
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214 







A/D 










^218 












V4 J19 



208 



216 



'2 0^ 



'7 "1 2iB3ettW« 



II 3] 



II 4] 



,30 



U6 112 i to 



IQ) 



^^^^^ 



lie ME ; 



(bl 





II 7] 



0.8 



0.2 
0 



340 3?^ 342 
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340 
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•02 0 0.2 0.4 0.6 ae 1.0 1.2 



[02 2] ^^2 5] 





!^^¥8-7 6 3 5 9 



[02 3] 

t2,l t2,2 - t2,y-l t2,y t2,y+i ...t2,n-l ^2,^ 

tm.1.1 ...tnx-l,y-ltm-l^t^-ly+l-*m.M-l ^m-l^ 

txn,l V2 - tm,y-l *m,y tm.y+1 -W-l *ni,» 

(a) 



t"2,2 



t"2,y.l t"2.y ^\y^l *"2^-l " 



*'* 

(b) 



-32- 




6 3 5 9 



[02 4] 
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(34) 



it$^5|i8-7 6 3 5 9 



95126, -y-Vyif. X^:U-;Xh»J-h 
995 

94086, -y-r:-^-;!/, Xh-'^x;l/-7 
/>Cna- 382 

95376, hk'fv'-. 7^U^x>yh-n- 
. h 34669 



94539, yV=^yV. 0-f>H^;P- 1^7 
-fT' 46612 

7/U*^m *U7:t;l'X7W 
95120, ij->/if, T^Ht-h- H^-f^^ 
7049 

(72)»M# 7^-:E:>-X7-i7A>A 

7^'J*^*B. Sv:y>W 48105, 7 

2222, yn-Vi^yv 3i3x- 

7^U*^«B, ^7'J7:t;W::^7i^ 
94040, V»:7>7^> • ^-fA-^y 
. i^— > 1909 
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